SPECIFICATION 



O 

TITLE OF THE INVENTION 

IMAGE FORMING APPARATUS 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention is related to an image forming 
apparatus such as a copying machine, printer, facsimile machine , 
and combined machine of them using electrophotographic process , 
specifically to an image forming apparatus having a pair of 
transfer rollers consisting of a rigid roller and an elastic 
roller pinching the copy sheet between them for transferring 
it. 



Description of the Related Art 

Inacopyingmachine, printer, facsimile machine , or combined 
machine of them using electrophotographic process, high 
accuracy is required for the feeding velocity of a copy sheet 
transferred by means of transfer rollers, for the feeding 
velocity of the copy sheet influences directly the 
magnification, etc. of the image to be transferred to the copy 
sheet from the image carrying body such as a photoreceptor. 



Particularly, high accuracy is required to a pair of 
registration rollers for adjusting the position of the copy 
sheet fed from the paper feeder cassette and allow the sheet 
to advance to the image transfer position synchronizing with 
the timing of image formation by carrying body such as a 
photoreceptor, since the feed velocity of the copy sheet 
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directly influences the quality of image. There has been adopted 
a method, in which an elastic roller having a rubber surface 
of hardness of about, for example, JIS-A 65° - 90° on its 
periphery is pressed to a rigid roller made of metal or having 
resin material on its periphery, the rollers are connected 
by means of gear wheels to transmit driving force from one 
of the roller to the other, and the copy sheet is pinched between 
the rollers in order to achieve the feeding of copy sheet with 
stable velocity and allowance for the variation in feeding 
load. 

In this case, as the rigid roller and elastic roller are 
connected with gear wheels, the diameter of each roller is 
determined so that the peripheral velocities of both the rollers 
coincide with each other in consideration of the gear ratio. 
The diameters of this state are hereafter referred to as 
equal-velocity diameters. If the diameters deviate from the 
equal-velocity diameters, there occurs a slip between the 
rollers. However, there is inevitably variation in the diameter 
of each roller due to machining tolerance of diameter. 
Particularly, the tolerance of the diameter of the elastic 
roller having rubber material on its periphery is larger than 
that of the rigid roller owing to machining condition . Therefore , 
there has been a problem that the feeding velocity of copy 
sheet is largely influenced by the diameter of the elastic 
roller and feeding of the copy sheet with stable velocity can 
not be secured. 

For feeding the copy sheet accurately with stable velocity, 
an image forming apparatus used for copying images onto a 
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variety of kinds and sizes of copy sheets is disclosed, for 
example, in Japanese Laid-Open Patent Application 
No. 2001-166607 (hereafter referred to as Patent literature 

1) . An image forming apparatus had been disclosed, in which 
a pair of preliminary feed rollers was additionally provided 
between the registration rollers and the image transfer 
position with a sensor for detecting the leading edge of the 
copy sheet provided downstream of the registration rollers 
before the pair of preliminary feed rollers, because it was 
difficult for a pair of registration rollers, which consists 
of a driving roller and a follower roller and feeds the copy 
sheet to the image transfer position in synchronization with 
the timing of toner image formation on an image carrier device 
such as a photoreceptor, to feed various kinds of copy sheets 
with the accuracy of position required. The patent literature 
1 teaches that even with the mechanism described above it became 
difficult to attain required accuracy. To deal with this and 
with the variation in copy sheet transfer performance due to 
the wear of the transfer rollers by the use over a long period 
of time, the patent literature 1 proposed to divide the guide 
member for guiding the copy sheet to the image transfer position 
into two, each for the pair of registration rollers and for 
the pair of preliminary feed rollers, the relative position 
of these guide members being able to be adjusted, and to compose 
the driving roller of the pair of preliminary feed rollers 
with wear-resistant material. 

Further, in Japanese Laid-Open Patent Application 
No. 2000-351470 (hereafter referred to as Patent literature 

2) is disclosed an image forming apparatus, in which the 
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transfer rollers of an ink- jet printer is composed of a roller 
having hard material on the periphery thereof and a roller 
having material of high friction coefficient such as rubber 
on the periphery thereof, the latter rubber roller is divided 
in the direction of axis thereof such that guide rollers each 
having a diameter smaller than that of the central roller and 
hardness harder than that of the central roller are provided 
to the both side of the central roller in order to keep the 
accuracy of copy sheet transfer irrespective of the thickness 
and size of the sheet. With the configuration of the rubber 
roller like this, the both side parts of the rubber roller 
are prevented from being excessively deformed by virtue of 
the guide rollers, which prevents the sheet from advancing 
obliquely when a sheet large in thickness but small in width 
is fed. 

Further, in Japanese Patent No. 3140152 (hereafter referred 
to as Patent literature 3) is disclosed an image forming 
apparatus, in which sheet feeing mechanism is composed so that 
the transfer distance per step of the stepping motor of each 
pair of rollers are different in order to prevent the occurrence 
of resonance of two pairs of rollers which induces noisy 
occurrence and affects the feeding performance. 

However, the sheet transfer mechanism disclosed in patent 
literature 1 is composed of a driving roller and a follower 
roller not that both the rollers are connected by gear wheels. 
Further, as a sensor for detecting the leading edge of copy 
sheet is provided downstream from a pair of registration rollers 
and a pair of preliminary feed rollers is provided between 
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said pair of registration rollers and image transfer position , 
the mechanism is complicated resulting in higher cost . The 
disclosure of patent literature 2 is an art to prevent oblique 
advancing of the copy sheet when feeding the sheet which is 
thick but small in width and can not solve the problem of the 
fluctuation of sheet feeding velocity due to the variations 
of the diameters of the rollers. The disclosure of patent 
literature 3 is an art of preventing mainly noisy occurrence 
due to the resonance of two pairs of rollers located at different 
positions and contributes little to increase the accuracy of 
feeding the copy sheet . 

Accordingly, the object of the present invention is to 
provide a pair of rollers for feeding copy sheet, the pair 
of rollers being composed of an elastic roller pressed against 
a rigid roller and driven by means of a driving mechanism to 
feed the sheet pinching it between the rollers, composed such 
that the copy sheet can be fed with stable velocity and high 
accuracy, even if there are variations in diameters of the 
rollers due to machining tolerance, with simple construction 
and low cost for an image forming apparatus, 

SUMMARY OF THE INVENTION 

To solve the problem mentioned above, the present invention 
proposes an image forming apparatus having a pair of rollers 
for transferring a copy sheet pinching it between the rollers, 
wherein said pair of rollers consists of a rigid roller and 
an elastic roller pressed against said rigid roller , the rollers 
being connected to a driving mechanism composed so that the 
peripheral velocities of both the rollers are approximately 
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equal, and the diameter of said elastic roller is determined 
in the range between such first diameter that the peripheral 
velocity of said elastic roller at the part depressed due to 
the pressing of the elastic roller against the rigid roller 
without the copy sheet between the rollers coincides with the 
peripheral velocity of said rigid roller and such second 
diameter that the peripheral velocity of the rigid roller 
assumed to have a diameter increased by the thickness of the 
copy sheet (rigid roller with increased diameter) coincides 
with the peripheral velocity of the elastic roller at the part 
depressed due to the pressing of the elastic roller against 
said rigid roller with increased diameter without the copy 
sheet between the rollers . The peripheral velocity at the 
depressed part means the peripheral velocity at the center 
of the depression, where the rollers contribute to transfer 
the sheet most in the depression 

When the diameter of the elastic roller is between said 
first diameter and second diameter, there occurs a phenomenon 
like that the copy sheet winds itself around the rigid roller 
in the depression caused by the pressing of the elastic roller 
against the rigid roller resulting in the state as if the 
diameter of the rigid roller is increased in effect owing to 
the thickness of the sheet and accordingly the peripheral 
velocity of the rigid roller is increased. In the range of 
the diameter of elastic roller between the first diameter and 
the second diameter , the increase of the sheet feeding velocity 
with increasing diameter of the elastic roller is conspicuously 
smaller than that of the diameter of elastic roller in the 
range of between the first diameter and the second diameter. 
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For this reason, by determining the diameter of the elastic 
roller in the range of the first diameter and the second diameter, 
the change of the feed velocity of the sheet with the change 
in the diameter of the elastic roller is small and the sheet 
can be fed with stable velocity and high accuracy. 

By determining the medial design diameter of said elastic 
roller to be about mid-value between the first and second 
diameter, the copy sheet can be fed with stable velocity and 
high accuracy regardless of the variation in diameters of the 
rollers particularly in the diameter of the elastic roller 
due to machining tolerance, because the variation has small 
effect on the feed velocity of the sheet in the range in which 
the change of the sheet feeding velocity with the change in 
the diameter of the elastic roller is slow. 

It is suitable that said elastic roller is a roller having 
rubber of hardness of JIS-A Hs65 to 90, preferably Hs70 to 
80 wound around the periphery thereof . Further, it is preferable 
that, said first diameter is 1.005 times the diameter of the 
elastic roller before correction and said second diameter is 
1 . 012 times the diameter of the elastic roller before correction 
when the effective diameter of the elastic roller in the 
operating condition decreases by 0.5 % due to the pressing 
of the elastic roller against the rigid roller. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing the change in copy sheet feed velocity 
in % vs. the diameter of the elastic roller of a pair of sheet 
transfer rollers of the image forming apparatus according to 
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the present invention. 

FIG . 2 is a conceptual illustration for explaining the change 
in sheet feed velocity and the compensation of diameter of 
the elastic roller of a pair of sheet transfer rollers of the 
image forming apparatus according to the present invention. 

FIG. 3 is a perspective view showing an example of the 
configuration of a pair of sheet transfer rollers of the image 
forming apparatus according to the present invention. 

FIG. 4 is a conceptual illustration for explaining the main 
components and transfer path of the image forming apparatus 
according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention will now 
be detailed with reference to the accompanying drawings. It 
is intended, however, that unless particularly specified, 
dimensions, materials, relative positions and so forth of the 
constituent parts in the embodiments shall be interpreted as 
illustrative only not as limitative of the scope of the present 
invention . 

FIG. 1 is a graph showing the change in copy sheet feed velocity 
in % vs. the diameter of the elastic roller of a pair of sheet 
transfer rollers of the image forming apparatus according to 
the present invention, FIG. 2 is a conceptual illustration for 
explaining the change in copy sheet feed velocity and the 
compensation of diameter of the elastic roller of a pair of 
sheet transfer rollers of the image forming apparatus according 
to the present invention, FIG. 3 is a perspective view showing 
an example of the configuration of a pair of sheet transfer 
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rollers of the image forming apparatus according to the present 
invention, and FIG. 4 is a conceptual illustration for 
explaining the main components and transfer path of the image 
forming apparatus according to the present invention. 

Referring to FIG. 4, reference numeral 1 is a paper feeder 
cassette accommodating copy sheets 2, 3 is a pick up roller 
for picking up and feeding copy sheets 2, 4 is a pair of 
separation/feed rollers for positively picking up the copy 
sheet one by one and sends it to the transfer path thereof, 
5 is a pair of intermediate rollers, 6 is a second feed roller 
for sending the copy sheet placed on a manually feeding section , 
7 is a pair of registration rollers for correcting the 
positioning of the sheet reached there and sending out toward 
an image transfer position synchronizing with the timing of 
toner image formation on a photoreceptor 8. The pair of 
registration rollers 7 consist of, for example, a rigid roller 
such as a roller made of metal or a roller with resin material 
wound on the periphery thereof and an elastic roller with rubber 
material of hardness of JIS-A Hs 65-90, preferably Hs70~80 
wound on the periphery thereof as shown in FIG. 3. Reference 
numeral 8 is a photoreceptor (image carrier device), 9 is an 
image transfer roller, 10 is a pair of fusing rollers, 11 is 
a pair of ejecting rollers, 12 is a motor for driving the pick 
up roller 3, intermediate rollers 5, second feed roller 6, 
registration rollers 7, photoreceptor (image carrier device) 
8, fusing rollers 10, ejecting rollers 11, etc. Reference 
numeral 13 is a sheet transfer path from the paper feeder 
cassette 1, 14 is a manual feed path from the manually feeding 
part, 15 is a transfer path from the intermediate rollers 5 
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until the ejecting rollers 11. In FIG. 3, reference numeral 
17 is a gear wheel to which is transmitted the driving force 
of the motor 12 to drive the elastic roller 7b, 18 is a gear 
wheel attached to the shaft of the elastic roller 7b 
concentrically with the gear wheel 17 to transmit driving force 
to a gear wheel 19 attached to the rigid roller 7a. The ratio 
of number of teeth of the gear wheels 18 and 19 is determined 
so that the peripheral velocity of the rigid roller 7a coincides 
with that of the elastic roller 7b. 

The pick up roller 3, intermediate rollers 5, second feed 
roller 6, and registration rollers 7 compose a sheet feeding 
line, an electrostatic charger, the opening part of a light 
exposure device, developing device, cleaning blade (cleaning 
means) , etc. not shown in the drawing are provided around the 
photoreceptor 8 to compose a processing unit. The fusing 
rollers 10 and ejecting rollers 11 composes a fusing/ejecting 
line. Further, transfer guides and rollers not shown in the 
drawing are provided between the separation/feed rollers 4 
and intermediate rollers 5, between the intermediate rollers 
5 and registration rollers 7, between the photoreceptor 8 and 
fusing rollers 10, and between the fusing rollers 10 and 
ejecting rollers 11. The processing unit includes not 
necessarily all of the photoreceptor (image carrier device) , 
electrostatic charger, light-disposing opening, developer, 
cleaning blade, etc., the unit may include at least the 
photoreceptor ( image carrier device ) , light-disposing opening , 
and developer . The unit may be integrated with these components . 

Before explaining the present invention, the position of 
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the copy sheet transfer rollers and the process of image 
formation will be explained referring to FIG. 4 . Upon receiving 
an instruction signal to form an image from a controller not 
shown in the drawing, the photoreceptor 8 etc, are driven by 
the motor 12, the photoreceptor 8 is charged evenly by a charging 
device not shown in the drawing, the photoreceptor 8 is exposed 
to the light from a disposure device not shown in the drawing 
to have a latent image formed thereon, and the latent image 
is developed by means of a developer not shown in the drawing 
to have a toner image formed thereon. On the other hand, a 
copy sheet 2 is picked up by the pick up roller 3 from the 
paper feeder cassette 1 accommodating copy sheets 2 therein 
to be transferred to the intermediate rollers 5 by means of 
the separation/feed rollers 4, and the sheet is further 
transferred to the registration rollers 7. The sheet is fed 
by the registration rollers 7 to the image transfer position 
in synchronization with the timing the toner image is formed 
on the photoreceptor 8 , where the toner image on the 
photoreceptor 8 is transferred to the copy sheet by means of 
the image transfer roller 9 applied with bias voltage. The 
copy sheet 2 onto which the toner image is transferred is 
transferred to the fusing rollers 10 to have the toner image 
permanently affixed thereto and then ejected by means of the 
ejecting rollers 11. In the image forming apparatus shown in 
FIG. 4, the separation/feed rollers 4, registration rollers 
7, ejecting rollers 11, etc. are sheet transfer roller pairs. 
Although in the following explanation the pair of registration 
rollers 7 will be taken up as an example, it is evident that 
the present invention can be applied to any pair of transfer 
rollers consisting of a rigid roller and an elastic roller 
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connected with gear wheels to each other regardless of where 
it is positioned. 

Among the sheet transfer rollers, the pair of registration 
rollers 7 functions to feed the copy sheet to the image transfer 
position in synchronization with the timing of the formation 
of the toner image on the photoreceptor 8 in order to have 
the toner image accurately transferred onto the sheet, so that 
the feeding velocity of the sheet directly influences the 
quality of the transferred image. Therefore, high accuracy 
is required to the feeding velocity. The pair of the 
registration rollers 7 consists of , for example , a rigid roller 
such as a roller made of metal or a roller with resin material 
wound on the periphery thereof and an elastic roller with rubber 
material of hardness of JIS-A Hs 65-90, preferably Hs70~80 
wound on the periphery thereof in order to secure feeding force , 
further the gear wheel 17 for transmitting the driving force 
of the driving motor 12 to the elastic roller 7b is attached 
to the shaft of the elastic roller 7b, and the gear wheels 
18, which is attached coaxially with the gear wheel 17, and 
19 are attached to the shafts of the elastic roller 7b and 
rigid roller 7a respectively to connect the elastic roller 
7b to the rigid roller 7a with the ratio of the number of teeth 
determined so that the peripheral velocity of the elastic roller 
7b coincides with that of the rigid roller 7a in order to achieve 
the feeding of copy sheet with stable velocity and allowance 
for the variation in feeding load. The hardness according to 
JIS-A of the rubber of the elastic roller 7b used for the 
registration roller 7 is preferably in a range of Hs65 to 90. 
If the hardness is higher than Hs90, it becomes difficult to 
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produce the rubber roller and also the nipping of the sheet 
at the nip between the rollers becomes difficult, and if the 
hardness is lower than Hs65, the rubber roller wears 
excessively. 

Lets think the case in which the pair of registration rollers 
7 consists of a rigid roller 7a of diameter of 12 mm made of 
metal and an elastic roller 7b of diameter of 16 mm with rubber 
which have hardness mentiond above wound on the periphery 
thereof, both the rollers are connected to each other by the 
gear wheels 18 and 19 attached respectively to shaft of the 
elastic roller 7b and to the shaft of the rigid roller 7a with 
the ratio of the number of teeth of 32 to 24 so that the peripheral 
velocities of both of the rollers are about equal and the elastic 
roller 7b is pressed against the rigid roller 7a so that the 
elastic roller 7b is depressed by about 0.5% of the radius 
thereof at the part contacting with the rigid roller 7a. The 
copy sheet 2 is pinched between the rigid roller 7a and elastic 
roller 7b. As the rigid roller 7a and elastic roller 7b are 
connected by the gear wheels 18 and 19, a slip occurs between 
both the rollers when their diameters are not in the state 
of equal-velocity diameters, that is, the state the peripheral 
velocities on both the rollers do not just coincide with each 
other . 

However, actually the diameter of the rollers varies due 
to machining tolerance, and particularly the machining 
tolerance of the elastic roller 7b with rubber wound on the 
periphery thereof is inevitably larger than that of the rigid 
roller 7a. For example, the tolerance of the diameter of the 
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elastic roller of 16 mm diameter is about ±o . 05 mm. Accordingly, 
the diameter of the elastic roller 7b varies between 15.95 
and 16 . 05 mm, and the peripheral velocity varies between 99 . 7% 
and 100.3% of the reference value which is the peripheral 
velocity when the diameter is exactly 16 mm. This means that 
the peripheral velocity of the elastic roller 7b varies by 
0.6% with a change of its diameter of 0.1 mm. Since the elastic 
roller 7b is pressed against the rigid roller 7a so that the 
elastic roller 7b is depressed by about 0.5% of the radius 
thereof at the part contacting with the rigid roller 7a as 
described above, the effective diameter of the elastic roller 
7b of diameter of 16 mm is reduced to 15 . 92 mm and the peripheral 
velocity is reduced by 0 . 5% as shown in parentheses in FIG. 2(A). 
As explained later, the thickness of the paper is neglected 
in FIG. 2(A), (C), and (E). 

The graph shown in FIG.l is a result of measurement of the 
transferring velocity of the sheet fed by the rollers by varying 
the diameter of the elastic roller 7b using a sheet of thickness 
of about 0.08 mm generally used as a copy sheet. In this 
experiment, the rigid roller 7a of diameter of 12 mm was made 
of SUM22 and the diameter of the elastic roller 7b with EPDM 
of hardness of JIS-A Hs 80 wound on the periphery thereof was 
varied around 16 mm, and the number of teeth of the gear wheel 
18 was 32 and that of the gear wheel 19 was 24. In FIG.l, the 
abscissa is the diameter in mm of the elastic roller 7b when 
the elastic roller 7b doesn't contact with the rigid roller 
7a and the ordinate is the ratio of sheet feed velocity to 
that of the reference velocity which coincides with the 
peripheral velocity of the elastic roller when its diameter 
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is 16 mm and expressed in % increase/decrease. The horizontal 
line at zero velocity change indicates when the peripheral 
velocity of the rigid roller 7a and that of the elastic roller 
7b is equal. The inclined straight line (a) represents the 
theoretical change of velocity with the change of the diameter 
of the elastic roller 7b, and curve (b) represents the result 
of measurement. Point (A) corresponds to the diameter of the 
elastic roller 7b of 16 mm when the peripheral velocity of 
the rigid roller 7a and that of the elastic roller 7b is 
theoretically equal, but the effective diameter of the elastic 
roller 7b is smaller than 16 mm due to the depression caused 
by the pressing of it against the rigid roller, as a result 
the diameter of the elastic roller 7b when the peripheral 
velocity of it at the part contacting with the rigid roller 
7a coincide with that of the rigid roller 7a is 16.08 mm as 
shown in FIG. 2(C). 

As recognized from the graph of FIG . 1 , the measured velocity 
deviation ratio curve (b) approaches with a gradient smaller 
than that of the theoretical line (a) to point (C) where the 
nominal diameter of the elastic roller 7b is about 16.08 mm 
and the peripheral velocities of both the rollers are equal 
and then the inclination decreases from there until point (E) 
where the nominal diameter of the elastic roller 7b is about 
16.19 mm. From here the inclination of the measured curve(b) 
again increases but the gradient is not larger than that of 
the theoretical curve (a) . The reason of this phenomenon is 
thought that, as the elastic roller is pressed against the 
rigid roller, the part of the elastic roller 7b contacting 
with the rigid roller 7a is somewhat depressed. When the 
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peripheral velocity of the elastic roller 7b and that of the 
rigid roller 7a is equal, the sheet is transferred at that 
peripheral velocity, but when the peripheral velocity of the 
elastic roller 7b increases, that is, when the diameter of 
the elastic roller 7b is a little larger, there occurs a 
phenomenon like that the sheet 2 winds itself around the rigid 
roller 7a resulting in a larger diameter of the rigid roller 
7a in effect owing to the thickness of the sheet, therefore 
the difference between the peripheral velocity of the rigid 
roller 7a and elastic roller 7b does not increases. 

In FIG. 2, the thickness of the paper being neglected, (A) , 
(C), and (E) show the effect of the depression on the peripheral 
part of the elastic roller 7b contacting with the rigid roller 
7a in the case the sheet is not fed between the rollers. (A) 
shows the case the diameter of the elastic roller 7b is 16 
mm with which the theoretical peripheral velocities of both 
the rollers are equal, but when the effective diameter of the 
elastic roller 7b is reduced by 0.08 to 15.92 mm as shown in 
the parentheses due to the depression, the peripheral velocity 
of the elastic roller 7b at the depression is reduced by 0.50% 
compared to the peripheral velocity of the rigid roller 7a 
as shown in the parentheses. (C) shows the case the diameter 
of the elastic roller is 16.08 mm and its effective diameter 
is reduced to 16.00 mm as shown in the parentheses due to the 
depression and the peripheral velocity of the elastic roller 
7b at the depression is equal to that of the rigid roller 7a. 
(E) shows the case the diameter of the elastic roller 7b is 
16.19 mm which corresponds to the diameter at point (E) in 
FIG.l and its effective diameter is reduced to 16.11 mm due 
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to the depression and the peripheral velocity of the elastic 
roller 7b at the depression is increased by 0.68% compared 
to the peripheral velocity of the rigid roller 7a. 

Fig. 2(B) , (D) , and (F) illustrate the case the sheet is fed 
between the rollers, in which the diameter of the rigid roller 
7a is 12 mm but its effective diameter is supposed to be 12.08 
mm as shown in the parentheses due to the effect of the winding 
of the sheet on the rigid roller 7a( This means that the effective 
radius is increased by a half of the thickness of the sheet. ) 
and the effective peripheral velocity of the rigid roller is 
increased by 0.66% as shown in the parentheses, and as to 
the elastic roller, the diameter of which the radius is the 
length from the center of the elastic roller 7b to the center 
of the thickness of the sheet and the rate of increase/decrease 
of the peripheral velocity at that diameter are shown in the 
parentheses for each case of the diameter of the elastic roller 
7b of 16.00 mm, 16.08 mm, and 16.19 mm respectively in (B), 
(D) , and (F) . 

As can be recognized in FIG. 2, the outer diameter of the 
elastic roller at point (E) in FIG.l where the measurement 
curve (b) begins to rise with an increased gradient, is about 
16.19 mm of which the corresponding effective diameter of the 
elastic roller 7b is reduced to 16.11 mm as shown in FIG. 2(E) 
in the parentheses due to the pressing of the rigid roller 
7a to the elastic roller 7b and the effective peripheral 
velocity is increased by 0 . 68% compared to the case of FIG. 2(C). 
The rate of increase is nearly same to the rate of increase 
of 0.66% of the peripheral velocity of the rigid roller 7a 
show in FIG. 2(F) when the diameter of the rigid roller 7a is 
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supposed to be increased to 12.08 mm which is the diameter 
12.00 mm added with the thickness 0.08 mm of the sheet. This 
means that the value of the diameter of the elastic roller 
of 16.19 mm at point (E) in FIG.l is about equal to the value 
obtained as the diameter of the elastic roller when its 
effective peripheral velocity is equal to that of the rigid 
roller of the diameter added with the thickness of the sheet. 

According to the present invention, in a pair of copy sheet 
transfer rollers composed of a rigid roller pressed to an 
elastic roller and connected with a driving mechanism so that 
the peripheral velocity of both the rollers are equal, the 
diameter of the elastic roller 7b is determined between the 
first diameter at point (C) in FIG.l and the second diameter 
at point (E) in FIG.l, the first diameter being the corrected 
diameter of the elastic roller corrected so that the peripheral 
velocity thereof at the part depressed due to the pressing 
against the rigid roller is equal to the peripheral velocity 
of the rigid roller without the copy sheet between the rollers , 
and the second diameter being the corrected diameter of the 
elastic roller corrected so that the peripheral velocity 
thereof at the part depressed due to the pressing against the 
rigid roller assumed to have a diameter increased by the 
thickness of the copy sheet is equal to the peripheral velocity 
of the rigid roller of the diameter added with the thickness 
of the sheet without the copy sheet between the rollers. The 
first and second diameters of the elastic roller 7b at point 
(C) and (E) in FIG.l are 16.08 mm and 16.19 mm respectively 
while the theoretical equal-velocity diameter of the elastic 
roller is 16 mm, i.e., the first and second diameter is 
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respectively 1 . 005 times and 1.012 times the theoretical equal- 
velocity diameter (diameter before correction) of the elastic 
roller . 

That is, by determining the diameter of the elastic roller 
between the diameter at point (C) and that at point (E) in 
FIG.l, the sheet feeding velocity varies by only about ± 
0.1% with a variation of about 0.1 mm in the diameter of the 
elastic roller 7b . As mentioned before , the machining tolerance 
of the diameter of the elastic roller is ±0.05 mm, and this 
tolerance can be contained between point (C) and (E) in FIG.l, 
so that by determining the design diameter to be a mid-value 
between point (C) and (E) in FIG.l, an image forming apparatus 
capable of feeding the copy sheet with stable velocity and 
high accuracy can be provided. 

Although the sheet of thickness of about 0.08 mm generally 
used as copy paper is taken up as a sheet in the above explanation , 
it is evident that the present invention can be applied to 
the case a thicker or thinner sheet is used. When a plurality 
of kinds of copy sheets are used, it is suitable to determine 
the diameter of the elastic roller to correspond with the 
thickness of the sheet most frequently used or determine the 
lower limit of the design diameter of the elastic roller to 
be a dimension near point (C) in FIG.l. In this way, the apparatus 
can accommodates a plurality of kinds of sheets. 

EFFECT OF THE INVENTION 

As has been described in the foregoing, by determining the 
diameter of said elastic roller in the range between such first 
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diameter that the peripheral velocity of said elastic roller 
at the part depressed due to the pressing of the elastic roller 
against the rigid roller without the copy sheet between the 
rollers coincides with the peripheral velocity of said rigid 
roller and such second diameter that the peripheral velocity 
of the rigid roller assumed to have a diameter increased by 
the thickness of the copy sheet (rigid roller with increased 
diameter) coincides with the peripheral velocity of the elastic 
roller at the part depressed due to the pressing of the elastic 
roller against said rigid roller with increased diameter 
without the copy sheet between the rollers , the copy sheet 
can be fed with stable velocity and high accuracy, for the 
change of the feed velocity of the sheet with the change in 
the diameter of the elastic roller is small in the range between 
the first and second diameter of the elastic roller. 

Therefore, according to the present invention, an image 
forming apparatus can be provided in which the copy sheet is 
fed with stable velocity and high accuracy even if the diameter 
particularly of the elastic roller varies due to machining 
tolerance, by determining the medial design value of the 
diameter of the elastic roller to be about mid-value between 
the first and second diameter, for the actual diameter of the 
elastic roller varies between the first and second diameter 
when tolerance of the diameter is ±0.05 mm which is reasonable 
tolerance for the elastic roller. 
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